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Limits on the mass of the lightest neutralino () in the context of the MSSM have been derived from searches
















common SUSY masses for scalars (m
0
) and fermions (m
1=2
) at the GUT scale, and the addition of data from




. If minimal supergravity is




One of the possible dark matter candidates is the
lightest neutralino, , of the Minimal Supersym-
metric Model (MSSM). Direct searches for  at
the LEP experiments at CERN result in branch-
ing ratio limits for the decay of the Z boson to
various nal states containing . However, when
taken together with limits on the production of
other SUSY particles, signicant regions of param-
eter space of the MSSM can be excluded. In this
paper the ALEPH limits on the production of neu-
tralinos, charginos, sleptons, sneutrinos and Higgs
bosons are used to deduce lower limits on the mass
of  in three dierent models within the MSSM.
The data were taken at LEP I (the Z peak)
1
and
at LEP 1.5 (130 and 136GeV)
2
.
The parameters of the MSSM are the Higgsino
mass term, , the gaugino masses, and the ratio of
the Higgs doublet expectation values, tan . The




, are, as usual,
assumed to be equal at the GUT scale, with renor-














Then, for any specied values of M
2
,  and tan ,
all SUSY masses, production rates and decay rates
are determined (the SU(3)
C
sector is not part of
this analysis). This enables the lowest mass con-
sistent with experimental limits to be found in the
parameter space of the MSSM.
The three models considered in the follow-






), (ii) any slepton and sneutrino
mass consistent with the LEP I limits with the ad-
ditional assumption of commonSUSY scalar mass,
m
0
, and common SUSY fermion mass, m
1=2
, at
the GUT scale, (iii) full minimal supergravity.
Since the top quark mass is very much greater
than that of the bottom quark, only the tan 
region  1 is discussed (but note that chargino
masses and couplings are symmetric under the
transformation tan  ! cot ). All limits and
limit curves in this paper are at 95% condence
level (c.l.).




2 Heavy Sleptons and Sneutrinos
Under the assumption that sleptons and sneu-






of charginos and neutralinos is dominated by s-
channel diagrams at LEP I and LEP 1.5 energies.
The analysis of Ref.
2
was carried out under this
assumption and leads to the exclusions of regions
of the MSSM parameter space. Fig. 1 shows exam-
ples of the parts of the (;M
2
) plane excluded for
typical large (35) and small (
p
2) values of tan .
This gure exemplies the principal results of
the analysis. For  positive, small values of M
2
are excluded for all values of tan   1 and, as
a consequence, low  masses are excluded since




. At negative values
of , small values of M
2
are excluded for large
tan , but the individual searches do not exclude
M
2
= 0 at small values of tan  and hence M

= 0
is allowed. However, when the LEP I and LEP 1.5
searches are taken together, the regions in which
M

= 0 are allowed by the individual searches
do not overlap even down to tan  = 1 and as a
result M
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Figure 1: Excluded regions in the (;M
2
) plane for tan =
p




. The shaded (hatched)
region is excluded by the chargino (neutralino) search at
LEP 1.5 and the heavy curve shows the region excluded at
LEP I. Lines of constantM

are also shown.







. Neutralino searches at higher
LEP energies will cover this hole.)
The smallest allowed value ofM

as a function

















ues below  10GeV=c
2
are excluded for all values
of  and tan  with this constraint.
3 Light Sleptons and Sneutrinos
The eect of allowing light sleptons and sneutrinos
is to modify the production and decay modes of
charginos and neutralinos. In particular t-channel
production of 

via ~ exchange and of  via ~e
exchange becomes signicant. In the former case
destructive interference of s- and t-channel pro-
duction weakens the impact of chargino limits. In
the decay of 

the nal state `

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Figure 2: Lower limit on the mass of the lightest neutralino





curve shows the limit from the LEP 1.5 chargino search
and the dashed curve shows the eect of adding the neu-
tralino search. The combined searches produce the limit
shown by the light shaded area.
nal state charged leptons have too little energy.













is the second lightest neutralino).
To aid the analysis of this case we add the
supergravity-inspired GUT assumption that all
SUSY scalar particles have a common mass m
0
and all SUSY fermions have a commonmass m
1=2
at the GUT scale. Evolution of the masses to the
electroweak scale via the renormalization group
equations leads to the following formulae for the






































































































) plane excluded by slep-
ton and sneutrino limits at various values of tan for  < 0.






for tan = 1.
The experimental bound on the sneutrino








cross-section limits for sleptons have been taken
from Refs
1;2
. Then the result of introducing the
above equations is to link the gaugino and slepton
masses so that the experimental bounds on the







. The excluded areas are shown in
Fig. 3 for  < 0 at various values of tan .





) plane the resulting limits on M

are shown in Fig. 4. In the region of large m
0
(which corresponds to large slepton and sneutrino
masses) the analysis of Sec. 2 is valid and a high
neutralino mass limit is found, as expected. At
small values of m
0
, Fig. 3 shows clearly that the
slepton and sneutrino searches result in high limits
on M
2
and hence on M

. However, the curves on
Fig. 3 approach the m
0
axis at about 60GeV=c
2
for small tan  and, as a consequence, a zero mass



































Figure 4: Limit onM

as a function ofm
0
at various values





from chargino and neutralino searches, while for lower val-
ues it derives from slepton and sneutrino constraints.
a small window in this region. Recently Ellis et
al.
5
have shown that a search by the AMY collab-
oration
6
for single photons at TRISTAN, used to




, can be converted




) plane. This AMY
result covers the window left by the ALEPH data
and moreover constrains the lower limit on M

to
be greater than  5GeV=c
2





The minimal supergravity hypothesis contains ad-
ditional assumptions which further constrain the
parameters of the MSSM. Here it is assumed: that
the scalar mass, m
0
, applies also to Higgs bosons,
that the trilinear coupling, A, is universal for all
scalars, and that electroweak symmetry breaking
arises from radiative corrections due to the top
quark coupling (this latter relates  to the other
parameters up to the sign).
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Figure 5: 95% c.l. lower limit onM

as a function of tan
for positive and negative values of .




) plane is ex-
cluded by the negative searches for Higgs bosons
at LEP I
7
. Fig. 5 shows the neutralino mass
limit as a function of tan  in the minimal su-
pergravity model. For tan  < 1:2 low values of
M

are excluded by the requirements that the top
Yukawa coupling remains perturbative up to the
GUT scale, that scalar particle masses should re-
main real, and that  should be the lightest SUSY
particle. For negative  and values of tan  up to
 2:8 negative searches for Higgs bosons deter-
mine the M









I gratefully acknowledge my ALEPH colleagues
who contributed in many ways to the work pre-
sented here. Particular thanks go to Michael
Schmitt and Laurent Duot, both as originators
of this analysis and for their patience in explain-
ing the details of it to me.
References
1. ALEPH Collaboration, Phys. Rep. 216,
253 (1992).
2. ALEPH Collaboration, Phys. Lett. B 373,
246 (1996).
3. ALEPH Collaboration, CERN-PPE/96-083,
to be published in Z. Phys. C.
4. The LEP Collaborations, CERN-PPE/95-
172.
5. J. Ellis et al., hep-ph/9607292, to be pub-
lished in Phys. Lett. B.
6. AMY Collaboration, Phys. Lett. B 369, 86
(1996).
7. ALEPH Collaboration, Contributed paper
EPS0415 to the International Europhysics
Conference on High Energy Physics, Brus-
sels, 1995.
4
